Turner syndrome (TS) is a relatively common chromosomal disorder caused by complete or partial X monosomy. The most frequently observed karyotype, 45, X, arises more often by loss of the paternal X or Y chromosome in meiosis or in early embryogenesis than by loss of the maternal X chromosome. The main clinical features of TS are short stature, gonadal dysgenesis, and not to undergo pubertal development (e.g. primary amenorrhea). However, a few rare cases of TS have shown precocious puberty. Our case of a 9-year-old girl did not have any TS-specific clinical hallmarks, with the exception of short stature. She visited our clinic because of her pubertal development and short stature. In this report, we highlight the variability that can occur in patients with TS and emphasizes the need to carefully assess unusual growth patterns in any child, regardless of other underlying conditions.
Introduction
Turner syndrome (TS) is a relatively common chromosomal disorder caused by complete or partial X monosomy, with a prevalence of approximately 1/2000 in female live births [1] . Conventional karyotype analysis has revealed various genetic backgrounds of TS. The most frequently observed karyotypes are 45, X karyotypes with an isochromosome of X [i(Xq) or i(Xp)], the mosaic 45, X/46XX karyotype, and karyotypes containing an entire Y chromosome or parts thereof [2] . The mosaic TS karyotype occurs in approximately 30% of all patients with TS [3] . The main clinical features of TS are short stature, gonadal dysgenesis, and congenital malformations. Moreover, most individuals with TS do not undergo pubertal development and exhibit primary amenorr-hea due to accelerated loss of oocytes in the 45, X ovary, leaving only a few follicles in the fibrous strike at birth. Approximately one-third of all girls with TS undergo spontaneous puberty, but only half of them complete puberty with menarche. Spontaneous pregnancies are rare (2% -5%) [4] . We report a 9-year-old patient with early pubertal development who was later diagnosed with TS and karyotyped as 46, X, der (X) t (X; X) (p11.21; q11.2).
Case Report
A female child was born at a gestational age of 35 + 2 weeks with a birth weight of 1930 g (10th percentile on a Korean standard growth chart) and a length of 41.5 cm (10th percentile on a Korean standard growth chart). She had been admitted as a newborn in the nursery room with transient tachypnea. She had normal brain ultrasonography that was further evaluated due to her intrauterine growth retardation. During the newborn period, no signs of TS were manifested and no family history of genetic or congenital disorders was present. In 2012 when the patient was 7 years old, she visited another hospital because of high fever and was diagnosed with Kawasaki disease and Brown syndrome. She underwent annual echocardiograms, all of which were normal. When she was 9 years old, the patient was referred to our pediatric endocrinology outpatient clinic with complaints of short stature and breast budding. Her height on referral was 122.4 cm, which placed her in the 10th percentile on a Korean standard growth chart and at the 90th percentile on a Korean TS growth chart; her weight was 30.5 kg (70th percentile). The mid-parental height was 164.5 cm (75th percentile on a Korean standard growth chart). A physical examination revealed Tanner stage III breast development and Tanner stage I pubic hair development. Her bone age was 11 years. These clinical, radiologic, and laboratory findings were suspicious of idiopathic central precocious puberty; therefore, a GnRH stimulation test was performed. Due to her short stature, chromosomal screening was also performed.
Conventional chromosome analysis from blood lymphocytes revealed a karyotype of 46, X, der (X) t (X; X) (p11.21; q11.2) (Figure 1) . A further screening test for TS was carried out. Kidney ultrasound results were normal and a pelvic ultrasound showed a prepubertal uterus that was 40 × 5 × 9 mm in size. Thyroid function test results were normal. A gonadotropin-releasing hormone (GnRH) agonist stimulation test yielded a basal LH level below 0.1 mIU/mL, with a peak level of 4.8 mIU/mL at 45 minutes. The test also yielded a basal FSH level of 8.5 mIU/mL, with a peak level of 49.9 mIU/mL at 90 minutes. The serum estradiol concentration was below 5.0 pg/mL, and serum levels of IGF-1 and IGFBP-3 were within normal limits. Although these findings were not completely consistent with precocious puberty, some pubertal development was detected.
Growth hormone therapy was started to attempt to improve adult height by human recombinant somatotropin with the dose of 1 IU/Kg/week. Breast development did not progress and the breasts remained in the Tanner III stage. Bone age acceleration did not proceed. Her growth velocity improved; in the first year after GH treatment her growth rate was 7.2 cm/year, and it was 8.4 cm/year in the second year (Figure 2) . She was 137.8 cm tall and weighed 45.5 kg at her last visit (Feb 2016).
Discussion
Rare derivative X chromosomes have long been investigated. The mechanism of their formation is of particular interest, as is the genotype-phenotype correlation in TS. Although the correlation between genotype and phenotype are not yet well understood [5] , genetic polymorphisms are believed to be associated with the clinical features of Turner syndrome [6] . A 45, X karyotype, which is the most frequent karyotype in Turner syndrome, arises more often by loss of the paternal X or Y chromosome in meiosis or in early embryogenesis than by loss of the maternal X chromosome [7] .
More than 20% of all patients with TS are diagnosed after 12 years of age [8] . Most patients with TS are thus Approximately one-third of all girls with TS enter spontaneous puberty, but only half of them complete with menarche [11] . The prevalence of spontaneous puberty is higher in patients with mosaic TS, although a few rare cases of TS have shown precocious puberty [11] - [16] .
In our case, karyotype analysis showed that a short arm was deleted from one of her X chromosomes and its long arm was duplicated. This phenomenon of short arm deletion/long arm duplication presents in approximately 18% of all TS cases. Short arm deletions from the X chromosome can result in short stature. Our case shows that patients with TS with a conserved long arm of the X chromosome can exhibit secondary sex characteristics. Our case highlights the possibility of natural pubertal development as an atypical clinical feature of TS and short stature as a typical clinical feature of TS. Precocious puberty in patients with TS is very rare; only five such patients have been reported, four of whom showed mosaic TS [13] [15] [16] . One of the patients had variant TS, as was found in our previously reported patient [14] . Precocious puberty may occur in girls with TS when cells with X chromosomes containing duplicated long arms undergo dosage compensation, thus allowing normal ovarian function.
Short stature is the single most common physical abnormality in TS. Four phases of growth have been established in TS: 1) moderate intrauterine growth retardation, 2) normal growth velocity between birth to 3 years of age, 3) decreasing growth velocity (height) between 3 to 12 years of age, and 4) failure to undergo a pubertal growth spurt [17] .
Our case did not have any TS-specific clinical hallmarks, with the exception of short stature, and her cognitive development was normal. She visited our clinic because of her pubertal development and short stature. Our case highlights the variability that can occur in patients with TS and emphasizes the need to carefully assess unusual growth patterns in any child, regardless of other underlying conditions.
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